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Ab.tr.ct 

Using o staged design of air quality monitoring, we followed 174 
fsallies using unvented keroeene heaters and 173 faallles without 
heaters for a three-month period to evaluate the association between 
nitrogen dioxide (JKL) exposure end scute respiratory illness rates. 
Environmental and health data were obtained through personal 
interview, bi-weekly telephone interviews, tax assessor records, and 
froa two-week integrated NO- aensureaents in 303 residences,, One 
hundred-twenty-one childrenunder age 13 were followed in this stud^, 
59 living in homes with kerosene Hesters and 62 living la hoaes 
without. Initial analyses indicate that exposed children have 
significantly sore days of acute respiratory illness than controls. 
Limitations ere laposed by aaaple aixeand by possible selections 
bias. 


Introduction 

Invented combustion In hoaes can lead to high aeblent levels of 
several air contaminants with nitrogen dioxide (ML) being the most 
notable (1). While NO- has been implicated ss s potentiator of lower 
respiratory Infections in laboratory animals (2), the epldemiolbglc 
evidence for determining unhealthy levels in humans la inconelSalve at 
this tlas. Helia si. (3,4) snd Horsy $t fl. (5) have reported 

data that suggest that children between the ages of 5 end 11 living in 
homes with gas cooking stovss had higher levels of scute respiratory 
symptoms or disease then those living in homes with electric cooking 
stoves. The range of NO, exposures measured in these studies was froa 
6-634 ug/«', The generillxablllty of these studies is limited by low 
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response rates and an overrepresentation of lower socioeconomic: status: 

j groups. 

i Relief £t all, (6,7) found no difference in illness rates between 

volunteers who lived In hoses using gas for cooking and those using 
electricity. The range of NO- exposures in their study was reported 
for a sample of homes only and was very low (22 ug/B J ), so that it was 
unlikely that any positive association could be founds The potential 
for recall bias Halts the finding of Spelter at jl. ($) that 
children living in hoses with gas cooking stoves had higher 
respiratory illness rates before age two than children living in hoses 
using electricity stovesi Dodge (9) reported that exposure to 
parental ssoklng end gss cooking wee associated with higher 
respiratory symptom rates in Arizona schoolchildren. However, hie 
sample is unrepresentative, suffered fros low response rates,, end no 
pollutant saaauraa wars sade. 

The investigation reported here was designed to determine whether 
exposure to sir contaminants emitted by kerosene space heaters, 
particularly NO., la associated with excess respiratory illness In 
children. We hypothesized that there was e positive correlation 
between NO- lbvels end acute respiratory Illness rates among 
children, nrfe identified e population with kerosene heaters where we 
could measure the household NO* exposures of children while accounting 
for many of the other potential risk factors for respiratory 
infections, such as parental smoking, presence of gee appliances, 
household size, school 1 attendance, socioeconomic status, age, and 
previous history of rtapiratory infections. 


Methods 

Study Design and Population . To allow the most precise yet 
efficient estimation of individual exposures to pollutants, s staged 
design of sir quality monitoring was enployed in a cohort study. A 
cohort of adults who bought kerosene heaters was Identified from lists 
obtained from local kerosene heater dealers in Connecticut. A control 
household was systematically chosen from the neighborhood of an 
exposed household. Neighborhood controls were selected to control 
ambient sir quality end socioeconomic status. In each household an 
index women, the oldest women residing in the house, and an index 
child (if e child lived in the househ the child nearest in age to 5 
but Idas than 13, were chosen to participate in the study. Households 
with no adiilt female present end households no longer using kerosene 
heaters were excluded from the study. 

If subjects agreed to participatet an Initial questionnaire was 
administered l Information was obtained about building 
characteristics, user heating patterns, and the health history end 
current respiratory symptomatology of the index edult end the index 
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child (If present). Subjects were then followed up by telephone [ 

bi-weekly for 12 weeks during Januery-Htrch 1963 to obtain respiratory 

symptoms for the fsmtle end the child (if present) end hotter use f 

petterns during the previous two seeks period. As described ih a 

separate poper (10) sir monitoring for NOi was conducted for at least 

one two-week period in 87.3 percent of the study household*^ The 

study population analysed here consists of 121 children under age 13l 

Fifty-nine lived in hoses with kerosene heaters; 62 lived in hoses 

without. All children were Caucasian. 

Definition of Variables . The independent variables used in these 
analyses Included: (1) demographic factors: age, ass, socioeconosit 
status [$ES< Holllngsheed Index(ll)]; (2) exposure pa resetera: number 
of minutes of gas cooking per day (total tstlaeted oven and burner 
use), number of cigarettes normally asoktd dally at hose by all 
residents, school enrollsent, type of cooking fuel # total household 
also (s proxy for density), average dally hours of kerosene beater use 
for each two-week period, one two-week average ssssuressnt of NO., In 
each residence, and (3) respiratory Illness history. "Resplrstory 
Illness history" was a continuous variable derived I by adding each 
serious resplrstory disease reported In the Initial questionnaire 
(i.e. ever had pneumonia) and the average nusber of chest colds per 
year (estimated by the mother). 

be used the reported aversgt hours of kerosene heater use during 
each two-week period es e proxy for NO, exposure. Average hours of 
haster use (by household) correlates fairly well with integrated 
average N0^ nessuresents (r • 0.70, p <0.001). The verieblb, average 
hours of heater use, wee available for each child for each of 6 
periods. 

The dependent variable need In sultlvarlite analysis, days of 
lllhessi was not normally distributed, so we dichotomised it sa one or 
sore days of Illness and no days of Illness and used linear logistic 
regression following the ntthods of Harrell 02). SA5 82.3 programs 
were used for nonparasttrlc analyses and tht linear logistic 
regression. For vsrisblas that ware normally distributed (i.e. age, 
household size, etc.)!, we computed means, t-taats, and corralationa 
using SutPac (13) on the IDHPC. 


Rasults 

Participation and Demographic Factors . Tht household 
participation rate asong the exposed group was 77.9 percent and 80.7 
percant asong tha unexposed. The loss to follow-up over the study 
period was 3.4 percant among tha exposed group and 5.7 percent among 
the unexposed. 

There were no statistically significant demographic differences 
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between the exposed and unexpoeed groups of children. Th« Men eg* of 
the chi Id ran stud lad v«s 6.8 years, the Man household six* was 4,2 
persona per household, the Man Index of SES was 43.4, sad the Man 
index of history of respiratory illness ess 2-7. 

Exposure Factors . There was sore gas cooking in the uaexpomed 
children's hones (46.5 ainutes/day) when compared to the exposed 
children's (17.5 ainutes/day), t-test«1.62, p ■ 0.07, two-tailed:; 
however, since so few children's hoMS had gas stoves (8 exposed, 13 
unexposed), there were not enough data for meaningful use in the 
present analysis. There was no statistically, significant difference 
in the Man nuaber of cigarettes smoked daily in children's Homs 
( 12.63 exposed, 12.74 unexposed). Average two-week integrated NO- 
samples were taken in 113 of the 121 chlldren't hosts in four places: 
outdoors, in ths kitchen. In s living room* and in an adult's 
bedroom. Bis Man outdoor level of NO- for exposed households was 
14.62 ug/m J (rang* 5-43 ug/ai) and 12.70 ug/e^ (rsnga 0-26 ug/m J ) for 
unexposed households. The Man-kitchen level of NO- in Homs with -, 
kerosene hesters^was 46.92 ug/a J (range 3-211 ug/m J 7 and 14.07 ug/a 
(rang* 0-80 ug/m J ) in hoees without kerosene heaters. The Man living 
rooe-level of NO- in children's hoMS with keroaen* heaters was 46.84 
ug/a J (range 3-154 ug/a ; and 10.36 ug/m J (rang* 0-63 ug/a) in 
children's hoMS without kerosene heatersi Ths mass level of X0- - 

found! in bedrooms in exposed homes was 46.82 ug/a** (rang# 3-225 □g/o'*) 
and 10.4 ug/a J (range 0-66 ug/a ) in bedrooms in unexposed I homes. The 
overall average use of kerosene heaters was 7,7 hours per day (range 
0-24 hours per day). NO- measurements in children's hoMS with 
kerosene heaters were on average 3-4 times as high as la Koms without 
heaters. 

Association between exposure snd scuts respiratory illness . 

First, in order to determine whether kerosene heater exposure had an 
association with the days of illness, nonpsrametrld statistical tests 
were applied to the dots. Children exposed to kcroMne heaters end 
children not exposed to heaters were ranked tf to the total nuaber of 
days tick over the 12 week follow-up period. A Vllcoxon rank sum test 
was performed using the t-approximation for the significance levels. 
Children living In hoaci with kerosene hatters had significantly aors 
days of illness than children living in hotel without kerosene heaters 
(t-2.14, p < 0.05). 

Next, rank correlations were carried out between all Independent 
variable* and the dependent variable* days of lllheaai There was 
little associstion between average hours of hestsr use and nuaber of 
days sick over the entire period! (Spearman correlation coefficient, r 
• 0.06, p • 0.09). Age sod history of respiratory illness ware mors 
strongly associated with days of illness (r • 0.344, p < 0.01 r • 
-0;17, p <0.05, respectively). 9 

Finally, linear logistic regression was used to determine which 
variable* were sign!flcastly associated with one or more days of 
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illness during each two-week period while adjusting for other measured 
potential risk factors., Average hours of heater use per day were 
significantly associated with days of Illness (p < 0.05) while 
controlling for type of cooking fuel, cigarettes smoked per day, 
household site, sex, age, school enrollment, and history of 
respiratory illness. Age nad a significant;, inverse association with 
days of illness (p < 0.05). History of respiratory illness was 
positively associated (;p < 0.05). SE5 was marginally associated (p - 
0.07). 


Discussion 

This initial analysis suggests that young children with a history 
of respiratory Infections are the moat sensitive to the adverse health 
affects of NCL (or keroaena heater exposure). These results tre 
consistent with previous studies that have shown that exposure to gas 
cooking has no affact on respiratory illness in women and school-age 
children (6,7), a borderline association with 5-11 year-olds (2,3,4) 
and an aaaoclatlon with the history of respiratory illness in children 
unddr 2 years(7). The effects seem to be the most pronounced in young 
age groups.^ It should be eephssired that the results presented age 
preliminary. 

These data are subject to many potential biases, some of which 
are: (1] recall bias In tens of ' reporting appliance use: [2] « - 

limited ability to generaiike from a convenience sample: (3] thaw 
publicity surrounding the safety of keroeene huterpiV[4] 
heater-owners had operated their hemtWs for it lsu^SDe Mufh^rior 
to the study; me many ns 34 potentially sensitive people were sot 
eligible because they no linger used their heaters die to odor or 
hypersensitivity, A final limitation it the wall sample site. 

Further research should concentrate on studying the association 
between NO^ exposure and younger-aged 1 children. 
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